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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
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RL78/L12

1. OUTLINE

1.4 Pin Identification

ANIO, ANI1,
ANI16 to ANI23:
AVREFM:

Analog Input
Analog Reference
Voltage Minus

P130, P137:
P140 to P147:
PCLBUZO, PCLBUZ1:

Port 13
Port 14
Programmable Clock
Output/Buzzer Output

AVREFP: Analog Reference REGC: Regulator Capacitance
Voltage Plus RESET: Reset
CAPH, CAPL: Capacitor for LCD RTC1HZ: Real-time Clock Correction Clock
COMO to COM7, (1 Hz) Output
EVoo: Power Supply for Port RxDO: Receive Data
EVss: Ground for Port SCKO00, SCKO01: Serial Clock Input/Output
EXCLK: External Clock Input SCLAO: Serial Clock Input/Output
(Main System Clock) SDAAQ: Serial Data Input/Output
EXCLKS: External Clock Input SEGO to SEG38: LCD Segment Output
(Subsystem Clock) SI00, SI01: Serial Data Input
INTPO to INTP7: Interrupt Request From S000, SO01: Serial Data Output
Peripheral TI0O0 to TIO7: Timer Input
KRO to KR3: Key Return TOO0O0 to TOO7: Timer Output
P10 to P17: Port 1 TOOLO: Data Input/Output for Tool
P20, P21: Port 2 TOOLRXD, TOOLTxD: Data Input/Output for External Device
P30 to P32: Port 3 TxDO: Transmit Data
P40 to P43: Port 4 Vob: Power Supply
P50 to P54: Port 5 Vi1 to Via: LCD Power Supply
P60, P61: Port 6 Vss: Ground
P70 to P74: Port 7 X1, X2: Crystal Oscillator (Main System Clock)
P120 to P127: Port 12 XT1, XT2: Crystal Oscillator (Subsystem Clock)
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RL78/L12

1. OUTLINE

1.5.2 44-pin products

TIMER ARRAY
UNITO (8ch)
TI00/P141 —+]

TO00/P140 ~— cno
TI0L/TO0L/P30 ~—t=] chl
TI027T002/P17 || T

(TI02/T002/P12)

TI03/TO03/P32 ~—= ch3
ch4
ch5

TI07/TO07/P10 ~—| ch7

RTC1HZ/P31 ~— REAL-TIME
’—» CLOCK =
LOW-SPEED
P 12- Bql:\rA\gFERVAL (=
OSCILLATOR
WINDOW
WATCHDOG [
TIMER
SEGO to SEGS,
SEG17 to SEG21, LCD
SEG25 to SEG34 CONTROLLER/
COMO to COM7 DRIVER |/
Vit to Vie RAM SPACE
CAPH ——| FOR LCD DATA
CAPL —
SERIAL ARRAY
UNITO (2ch)
RXDO/P11 ——f~]
TXDO/P12 ~— UARTO
SCKO00/P10
SI00/P11 Csloo -
S000/P12
SCKO1/P15
SI0L/P16 Csio1
S00L/P17
SDAAO/PEL <[ SERIAL -
SCLAGIPEO .| INTERFACE IicA0
MULTIPLIER&.
DIVIDER,
MULITIPLY- =
ACCUMULATOR
BCD L
ADJUSTMENT  [N]

A/D CONVERTER

ANI19/P14

AVrerp/P20
AVrern/P21

K Z 1 ANI0/P20, ANIL/P21

ANI17/P120, ANI18/P13,

K72 ] ANI20/P142, ANI2L/P143

K—]
RL78 CODE FLASH MEMORY
CPU
CORE <:
~| DATA FLASH MEMORY
{
RAM
Vobo  Vss TOOLRxD/P11,
TOOLTxD/P12
<:> DIRECT MEMORY
ACCESS CONTROL

CRC

<:> P10 to P17
<:> P20, P21
<:> P30 to P32
S

K4~ P120, P125 to P127
() PorT12  |M
P121 to P124
(| PorTiz |~ Pi37
| PorTia (&) P140t0P143

BUZZER OUTPUT

<:> _________

CLOCK OUTPUT
CONTROL

k"3 KRO/P12 to KR2/P10
| KevRETURN
KR3/P140

PCLBUZ0/P140,
PCLBUZ1/P141

POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR

RESET CONTROL

| on-cHiP DEBUG TOOLO/P40
SYSTEM [l«———RESET
CONTROL X1/P121

NIGH-SPEED X2/EXCLK/P122
ON-CHIP XT1/P123

OSCILLATOR XT2/EXCLKS/P124

VOLTAGE

REGULATOR REGC

~—— INTPO/P137
INTP1/P15(INTP1/P10),
<II INTP2/P16(INTP2/P11)

INTP3/P31,
INTP4/P32

INTERRUPT
CONTROL

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection

register (PIOR)
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RL78/L12 1. OUTLINE

1.6 Outline of Functions

Caution This outline describes the functions at the time when Peripheral I/O redirection register (PIOR) is set

to 00H.
(1/2
Iltem 32-pin 44-pin 48-pin 52-pin 64-pin
R5F10RBx R5F10RFx R5F10RGx R5F10RJx R5F10RLx
Code flash memory (KB) 8 to 32 810 32 8to 32 8to 32 16, 32
Data flash memory (KB) 2 2 2 2 2
RAM (KB) 1’1'5Note1 1’1.5Note1 1’1.5Note1 1‘1.5Note1 1’1.5Note1
Memory space 1 MB
Main High-speed system clock| X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
<R> system HS (high-speed main) operation: 1 to 20 MHz (Voo = 2.7 to 5.5 V),
clock HS (high-speed main) operation: 1 to 16 MHz (Voo = 2.4 to 5.5 V),
LS (low-speed main) operation: 1 to 8 MHz (Voo = 1.8 to 5.5 V),
LV (low-voltage main) operation: 1 to 4 MHz (Voo = 1.6 to 5.5 V)
High-speed on-chip HS (high-speed main) operation: 1 to 24 MHz (Voo = 2.7 to 5.5 V),
oscillator clock HS (high-speed main) operation: 1 to 16 MHz (Voo = 2.4 to 5.5 V),
LS (low-speed main) operation: 1 to 8 MHz (Voo = 1.8 to 5.5 V),
LV (low-voltage main) operation: 1 to 4 MHz (Voo = 1.6 to 5.5 V)
Subsystem clock - XT1 (crystal) oscillation , external subsystem clock input (EXCLKS)

32.768 kHz (TYP.): Voo = 1.6 t0 5.5V

Low-speed on-chip oscillator clock Internal oscillation
15 kHz (TYP.): Voo =1.6t0 5.5V

General-purpose register 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time | 0.04167 us (High-speed on-chip oscillator clock: fin = 24 MHz operation)

0.05 us (High-speed system clock: fux = 20 MHz operation)

30.5 us (Subsystem clock: fsus = 32.768 kHz operation)

Instruction set e Data transfer (8/16 bits)

e Adder and subtractor/logical operation (8/16 bits)

o Multiplication (8 bits x 8 bits)

* Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean
operation), etc.

Total number of 1/O port pins and 28 40 44 48 58
pins dedicated to drive an LCD
110 Total 20 29 33 37 47
port
CMOS I/0 15 22 26 30 39
CMOS input 3 5 5 5 5
CMOS output - - - - 1
N-ch open-drain 1/0 2 2 2 2 2
(EVop tolerance)
Pins dedicated to drive an LCD 8 11 11 11 11
LCD controller/driver Internal voltage boosting method, capacitor split method, and external resistance
division method are switchable.
Segment signal output 13 22 (18) N2 | o6 (22) N2 | 30 (26) N2 | 39 (35) Note 2
Common signal output 4 4 (g)Note2

Notes 1. In the case of the 1 KB, and 1.5 KB, this is 630 bytes when the self-programming function and data
flash function is used.
2. The values in parentheses are the number of signal outputs when 8 com is used.

R01DS0157EJ0210 Rev.2.10 R NS Page 17 of 131
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

2.3 DC Characteristics

2.3.1 Pin characteristics

(TA=-40to +85°C, 1.6 V<EVpop=VDD< 5.5V, Vss =EVss =0 V) (1/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, | lont Per pin for P10 to P17, P30 to P32, P40 to P43, P50 to P54, -10.0 mA
higho** P70 to P74, P120, P125 to P127, P130, P140 to P147 Note 2
Total of P10 to P14, P40 to P43, P120, |4.0V<EVopo<55V —40.0 | mA
P130, P140 to P147 27V<EVop<4.0V -80 | mA
(When duty = 70% "°*®)
1.8V<EVop <27V -4.0 mA
16V<EVop<1.8V -2.0 mA
Total of P15 to P17, P30 to P32, 40V<EVop<55V -60.0 | mA
P50 to P54, P70 to P74, P125t0 P127 | 57\ < Eveo <4.0V 150 | mA
(When duty = 70% "°*3)
1.8V<EVop <27V -8.0 mA
16V<EVop<1.8V -4.0 mA
Total of all pins -100.0 mA
(When duty = 70%"°'?)
lon2 P20, P21 Per pin -0.1 mA
Total of all pins 1.6 V<Vop<55V -0.2 mA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the Vop and
EVop pins to an output pin.
2. Do not exceed the total current value.
3. Specification under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
o Total output current of pins = (lon x 0.7)/(n x 0.01)
<Example> Where n = 80% and loH = —40.0 mA
Total output current of pins = (—40.0 x 0.7)/(80 % 0.01) = -35.0 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

Caution P10, P12, P15, and P17 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.

R01DS0157EJ0210 Rev.2.10 R NS Page 24 of 131
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RL78/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

A= — (o] , 1. <EVbb=VDD<5.5V, Vss =EVss =
T 40 to +85°C, 1.6 V< EV Vbb<5.5V, V. EV oV 2/3
Parameter | Symbol Conditions MIN. TYP. | MAX. Unit
Supply lopz HALT HS (high- fin = 24 MHz V4 Voo =5.0V 044 | 128 | mA
Note 2 :
current mode |speed main) Voo =3.0V 044 | 128 | mA
mode
fin = 16 MHzN*** Voo =5.0 V 040 | 1.00 | mA
Voo =3.0V 0.40 1.00 mA
LS (low- fin = 8 MHz N4 Voo =3.0V 260 530 LA
;Pj::,{;‘f,'”) Voo =2.0V 260 | 530 | uA
LV (low- fin = 4 MHzo** Vob=3.0V 420 640 LA
voltage Voo = 2.0V 420 | 640 | A
main) mode
Note 7
HS (high- fux = 20 MHZN*®3, Square wave input 0.28 | 1.00 mA
spedeTteeyn) Voo =5.0V Resonator connection 045 | 117 | mA
mode
fux = 20 MHZV"*®?, Square wave input 0.28 | 1.00 mA
Voo =3.0V Resonator connection 0.45 117 mA
fux = 10 MHZN*®3, Square wave input 0.19 | 0.60 mA
Vob=5.0V Resonator connection 0.26 0.67 mA
fux = 10 MHZN*®?, Square wave input 0.19 | 0.60 mA
Voo =3.0V Resonator connection 0.26 0.67 mA
LS (low- fux = 8 MHZ**?, Square wave input 95 330 LA
spedeTteeyn) Voo =3.0V Resonator connection 145 | 380 LA
mode
fux = 8 MHZ"**3, Square wave input 95 330 LA
Voo =2.0V Resonator connection 145 380 LA
Subsystem | fsus = 32.768 kHZ"*"®® | Square wave input 0.31 | 057 LA
clock Ta =—-40°C Resonator connection 0.50 | 0.76 LA
operation Note 5 -
fsus = 32.768 kHz Square wave input 0.37 0.57 LA
Ta=+25°C Resonator connection 0.56 0.76 LA
fsus = 32.768 kHZ""*® | Square wave input 046 | 1.17 LA
Ta=+50°C Resonator connection 0.65 1.36 HA
fsus = 32.768 kHZ"*®* | Square wave input 0.57 | 1.97 LA
Ta=+70°C Resonator connection 0.76 2.16 HA
fsus = 32.768 kHZ""*® | Square wave input 0.85 | 3.37 LA
Ta=+85°C Resonator connection 1.04 3.56 HA
Ioos"* ¢ | STOP Ta =-40°C 0.17 | 0.50 LA
mode Note 8 — >
Ta=+25°C 0.23 0.50 HA
Ta =+50°C 0.32 1.10 LA
Ta=+70°C 0.43 1.90 LA
Ta=+85°C 0.71 3.30 LA
(Notes and Remarks are listed on the next page.)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(TA=-40to +85°C,1.6 V< EVpp=VbD< 5.5V, Vss =EVss =0 V) (3/3)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit

Low-speed on- | lr M’ 0.20 LA

chip oscillator

operating

current

RTC operating | Irtc fuan is stopped 0.08 LA

current Notes 1,2,3

12-bit interval Iir 0.08 LA

timer current Notes 1,2,4

Watchdog timer | lwot fii =15 kHz 0.24 LA

operating Notes 1,2,5

current

A/D converter lanc When conversion Normal mode, AVrerp = Voo = 5.0 V 1.3 1.7 mA

operating Notes1.6 | at maximum speed || o\, \oltage mode, AVrerr = Voo = 3.0 V 05 07 | mA

current

A/D converter | laprer N 75.0 LA

reference

voltage current

Temperature Irmps Mot ! 75.0 LA
sensor
operating
current
LVD operating ILvo 0.08 LA
current Notes 1,7
Self- IFsp 2.50 12.20 mA
programming Notes 1,9
operating
current
BGO operating | lsco 2.00 | 12.20 mA
current Notes 1, 8
LCD operating ILcor External resistance division method | Voo =EVop=5.0V 0.04 0.20 LA
Current Notes 11, 12 VL4 - 50 V
ILeoz ™" | Internal voltage boosting method Voo =EVop=5.0V 112 3.70 HA
Vi =5.1V (VLCD = 12H)
Voo = EVop=3.0V 0.63 2.20 HA
Vs =3.0V (VLCD = 04H)
Ieos M " | Capacitor split method Voo =EVop =3.0V 0.12 | 0.50 LA
Vie=3.0V
SNOOZE IsnozM** ' | ADC operation | The mode is performed “°t ' 0.50 | 0.60 mA
operating The A/D conversion operations are 120 | 1.44 mA
current performed, Low voltage mode, AVRrerp = Vb
=3.0V
CSI/UART operation 0.70 0.84 mA
(Notes and Remarks are listed on the next page.)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(4) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode) (2/2)
(Ta=-40 to +85°C, 1.8 V< EVbp =Vpp < 5.5V, Vss = EVss =0 V)
Parameter | Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode

MIN. MAX. MIN. MAX. MIN. MAX.

Transfer rate Transmissio | 40V<EVopb <55V, Note 1 Note 1 Note 1 | bps
n 27V<\Wb<4.0V
Theoretical value of the 2.8Nte? 2.8Nte? 2.8M*2 | Mbps
maximum transfer rate
Co=50pF, Ro=1.4kQ,
Vb=27V
27V<EVop<40V, Note 3 Note 3 Note 3 | bps
23V<Ww<27V
Theoretical value of the 1 Note4 1 Note4 1.2%* | Mbps
maximum transfer rate
Co=50pF, Ro=2.7 kQ
Vb=23V
24V<EVop<33V, Note 6 Note 6 Note 6 | bps
16V<Vb<20V
Theoretical value of the 0.43%7 0.43%7 0.43%"7| Mbps
maximum transfer rate
Co =50 pF, Ro=5.5kQ
Vb=16V
1.8V<EVop <33V, Notes Notes | bps
16V<Vb<20V 56 5,6
Theoretical value of the 0.43Nte? 0.43""*7| Mbps
maximum transfer rate
Co=50pF, Ro=5.5kQ,
Vb=16V

Notes 1. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid maximum
transfer rate.

Expression for calculating the transfer rate when 4.0 V<EVop <55V and 2.7V <Vb <40V

Maximum transfer rate = 1 [bps]

{~Cox RoxIn(1- %/bz ) x 3

1 2.2
Transferrate x 2 {=Cox RoxIn (1-=y =)}

1
( Transfer rate

Baud rate error (theoretical value) =

% 100 [%]
) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.
2. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 1 above to calculate the maximum transfer rate under conditions of the customer.
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RL78/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(5) Communication at different potential (2.5 V, 3 V) (CSI mode) (master mode, SCKp... internal clock output,

corresponding CSI00 only)

(Ta=-40 to +85°C, 2.7 V<EVbp =Vpp < 5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions HS (high- |LS (low-speed| LV (low- Unit
speed main) | main) Mode |voltage main)
Mode Mode
MIN. [ MAX. | MIN. | MAX. | MIN. | MAX.
SCKp cycle time tkevi tkeyt > 2ffok | 4.0 V<EVoD <55V, 200 1150 1150 ns
27V<Vb<40V, Notet Note 1 Note t
Cb=20pF, Ro=1.4 kQ
27V<EVop<40V, 300 1150 1150 ns
23V<\b<27 V, Note 1 Note 1 Note 1
Cb =20 pF, Ro=2.7 kQ
SCKp high-level width tkH1 40V<EVop<55V,27V<Wb<4.0V, |tkev/2 tkey1/2 tkey1/2 ns
Cb=20 pF, Ro= 1.4 kQ -50 -50 -50
27V<EVop<4.0V,23V<W<27V, |tkevi/2 tkey1/2 tkey1/2 ns
Cb=20 pF, Ro= 2.7 kQ - 120 -120 - 120
SCKp low-level width tkL1 40V<EVop<55V,27V<Wb<4.0V, |tkevi/2 tkey1/2 tkey1/2 ns
Cb=20pF, Ro=14kQ -7 -50 -50
27V<EVp<4.0V,23V<Ww<27V, |tkeri/2 tkey1/2 tkey1/2 ns
Co=20 pF, Ro= 2.7 kQ -10 -50 -50
Slp setup time tsik1 40V<EVD<55V,27V<Vb<4.0V, 58 479 479 ns
(to SCKpT)™** Co=20pF, Ro=14kQ
27V<EVD<4.0V,23V<Ve<27V, | 121 479 479 ns
Cb=20pF, Ro=2.7 kQ
Slp hold time tksit 40V<EVD<55V,27V<Vb<4.0V, 10 10 10 ns
(from SCKpT) "' Co=20pF, Ro=14kQ
27V<EVop<40V,23V<Wh<27V, 10 10 10 ns
Cb =20 pF, Ro =2.7 kQ
Delay time from SCKp! to | tkso 40V<EVoD<55V,27V<Vb<4.0V, 60 60 60 ns
SOp output **** Cb=20pF,Ro=14kQ
27V<EVop<40V,23VWw<27V, 130 130 130 ns
Cb =20 pF, Ro=2.7 kQ
Slp setup time tsik1 40V<EVoD<55V,27V<Wb<40V, | 23 110 110 ns
(to SCKpl)™*? Co =20 pF, Ro = 14 kQ
27V<EVop<40V,23V<Ww<27V, | 33 110 110 ns
Cb=20pF, Ro=2.7 kQ
Slp hold time tksit 40V<EVD<55V,27V<Vb<4.0V, 10 10 10 ns
(from SCKp!) "*'*? Co=20pF, Ro=14kQ
27V<EVop<4.0V,23V<W<27V, 10 10 10 ns
Cb =20 pF, Ro=2.7 kQ
Delay time from SCKpT to | tksor 40V<EVoD<55V,27V<Vb<4.0V, 10 10 10 ns
SOp output " Co=20 pF, R = 1.4 kQ
27V<EVop<40V,23VWh<27V, 10 10 10 ns
Cb=20pF, Ro=2.7 kQ
(Notes, Caution and Remarks are listed on the next page.)
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RL78/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

2.6 Analog Characteristics

2.6.1 A/D converter characteristics
Classification of A/D converter characteristics

Input channel

Reference Voltage

Reference voltage (+) = AVREFP
Reference voltage () = AVREFM

Reference voltage (+) = VbD
Reference voltage (-) = Vss

Reference voltage (+) = VBGR
Reference voltage (-) = AVREFM

ANIO, ANI1

Refer to 2.6.1 (3).

ANI16 to ANI23

Refer to 2.6.1 (2).

Internal reference voltage

Temperature sensor output voltage

Refer to 2.6.1 (1).

Refer to 2.6.1 (4).

(1) When reference voltage (+) = AVrerr/ANIO0 (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin : internal reference voltage, and temperature sensor output voltage

(Ta=—-40 to +85°C, 2.4 V<EVob =Vop < 5.5V, 1.6 V< AVrerr < Vop < 5.5 V, Vss = EVss = 0 V, Reference voltage (+) =
AVrerr, Reference voltage (-) = AVrerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error*®” AINL 10-bit resolution 1.8V <Vop<55V 1.2 +3.5 LSB

AVrerp = Voo "% 1.6V < Voo <5.5 Ve 12 70 | LsB
Conversion time tconv 10-bit resolution 36V<Vop<b55V 2.375 39 us

Target pin: Internal reference 27V <Von<55V 3.5625 39 s

voltage, and temperature

sensor output voltage (HS 24V<Voo <85V 7 39 Hs

(high-speed main) mode)
Zero-scale error"*** "2 Eg 10-bit resolution 1.8V <AVrerr < 5.5V 1025 | %FSR

AVrerp = Voo ' 1.6 V < AVrerp < 5.5 /N4 +0.50 | %FSR
Full-scale error**®* "2 | Erg 10-bit resoluti'?n 1.8V <AVrerp < 5.5V £0.25 | %FSR

AVaese = Voo ' 1.6 V < AVrerp < 5.5 /N4 +0.50 | %FSR
Integral linearity ILE 10-bit resolution 1.8V<Vop<55V 2.5 LSB
error"**" AVrerp = Voo "% 1.6V < Voo <5.5 Ve 150 | LSB
Differential linearity DLE 10-bit resolution 1.8V<Vop<55V 1.5 LSB
error**"! AVrerp = Voo "¢ 1.6V < Voo < 5.5 VM4 20 | LsB
Analog input voltage | Van Internal reference voltage Veer N ® \%

(2.4 V <Vop £5.5V, HS (high-speed main) mode)

Vaer Temperature sensor output voltage Vrupsas Nt 8 Y
(2.4 V <Vop £5.5V, HS (high-speed main) mode)

Notes 1.

Excludes quantization error (£1/2 LSB).

2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVRerp < Vop, the MAX. values are as follows.
Overall error: Add +1.0 LSB to the MAX. value when AVReFp = Vbb.
Zero-scale error/Full-scale error: Add £0.05%FSR to the MAX. value when AVRrerp = Vob.
Integral linearity error/Differential linearity error: Add £0.5 LSB to the MAX. value when AVReFp = Vbb.
4. Values when the conversion time is set to 57 us (min.) and 95 us (max.).
5. Refer to 2.6.2 Temperature sensor/internal reference voltage characteristics.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

2.6.4 LVD circuit characteristics

(TAa=-40 to +85°C, Vror < EVbp = Vbp < 5.5V, Vss = EVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection | Supply voltage level Vivoo Power supply rise time 3.98 4.06 4.14 \%
voltage Power supply fall time 3.90 3.98 4.06 \Y
Vivp1 Power supply rise time 3.68 3.75 3.82 \Y,

Power supply fall time 3.60 3.67 3.74 \Y

Vivoz Power supply rise time 3.07 3.13 3.19 \Y

Power supply fall time 3.00 3.06 3.12 Y,

Vivos Power supply rise time 2.96 3.02 3.08 \Y

Power supply fall time 2.90 2.96 3.02 \%

Vivos Power supply rise time 2.86 2.92 2.97 \

Power supply fall time 2.80 2.86 2.91 \%

Vivos Power supply rise time 2.76 2.81 2.87 \

Power supply fall time 2.70 2.75 2.81 \%

Vivos Power supply rise time 2.66 2.71 2.76 \Y

Power supply fall time 2.60 2.65 2.70 \Y

Vivor Power supply rise time 2.56 2.61 2.66 \Y

Power supply fall time 2.50 2.55 2.60 \

Vivos Power supply rise time 2.45 2.50 2.55 \Y

Power supply fall time 2.40 2.45 2.50 \

Vivog Power supply rise time 2.05 2.09 213 \Y

Power supply fall time 2.00 2.04 2.08 \%

Vivpio Power supply rise time 1.94 1.98 2.02 \Y

Power supply fall time 1.90 1.94 1.98 \%

Vivo11 Power supply rise time 1.84 1.88 1.91 \%

Power supply fall time 1.80 1.84 1.87 \%

Vivpi2 Power supply rise time 1.74 1.77 1.81 \Y

Power supply fall time 1.70 1.73 1.77 \Y

Vivp13 Power supply rise time 1.64 1.67 1.70 \Y

Power supply fall time 1.60 1.63 1.66 \

Minimum pulse width tw 300 us
Detection delay time to 300 us
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(2) 1/4 bias method
(TA=-40 to +85°C,1.8V<Vop<5.5V,Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage variation range | VitN*** | C1to C5"**" | VLCD = 04H 0.90 1.00 1.08 \Y

=047 uF VLCD = 05H 0.95 1.05 113 Vv

VLCD = 06H 1.00 1.10 118 Y,

VLCD = 07H 1.05 1.15 1.3 \Y

VLCD = 08H 1.10 1.20 1.8 \Y

VLCD = 09H 1.15 125 133 Y,

VLCD = 0AH 1.20 1.30 138 \Y

VLCD = 0BH 1.25 1.35 143 %

VLCD = 0CH 1.30 1.40 148 \Y

VLCD = 0DH 1.35 145 153 Y,

VLCD = 0EH 1.40 1.50 158 \Y

VLCD = OFH 1.45 1.55 163 Y,

VLCD = 10H 1.50 1.60 168 \Y

VLCD = 11H 1.55 165 173 Y,

VLCD = 12H 1.60 1.70 178 %

VLCD = 13H 1.65 1.75 183 \Y

Doubler output voltage Vi C1to C5M""' = 0.47 uF 2Vii-0.08| 2Vu AVE Y

Tripler output voltage Vis C1to C5M""' =047 uF 3Vu-0.12| 3 Vu 3V \Y;

Quadruply output voltage Vit | C1to C5N T = 0.47 uF 4Vi1-0.16| 4 Vu 4 Vi \Y;
Reference voltage setup time "% | twart 5 ms
Voltage boost wait time"°*®? twar2 | C1to C5N° " = 0.47 uF 500 ms

Notes 1. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between Vi1 and GND
C3: A capacitor connected between V2 and GND
C4: A capacitor connected between Vis and GND
C5: A capacitor connected between Vi: and GND
C1=C2=C3=C4=C5=0.47 uF+30%

2. This is the time required to wait from when the reference voltage is specified by using the VLCD register (or when
the internal voltage boosting method is selected [by setting the MDSET1 and MDSETO bits of the LCDMO
register to 01B] if the default value reference voltage is used) until voltage boosting starts (VLCON = 1).

3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).

4. Visamust be 5.5V or lower.

2.7.3 Capacitor split method

1/3 bias method
(Ta=-40 to +85°C,2.2V<Vop<5.5V,Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
V4 voltage Vi C1to C4 = 0.47 yFNte? Voo \Y;
V2 voltage Vi C1to C4 = 0.47 y F"*°? 2/3Via | 213V | 2/3Via v
- 0.1 +0.1
VL1 voltage VLt C1to C4 = 0.47 yF\te? 1/3Via | 1/3 Vi | 1/3 Vi \Y;
- 0.1 +0.1
Capacitor split wait time"**®" tvwarr 100 ms
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2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

<R>
2.8 RAM Data Retention Characteristics

<R> Note This depends on the POR detection voltage.

<R>

<R>

<R>

<R>

<R>

(Ta=—40 to +85°C, Vss = 0 V)

Parameter

Symbol

Conditions

MIN.

TYP.

MAX. Unit

\bpDR

Data retention supply voltage

1 -46Note

5.5

For a falling voltage, data in RAM are retained until the voltage

reaches the level that triggers a POR reset but not once it reaches the level at which a POR reset is generated.

))
((

STOP mode

RAM Data retention mode —

Operation mode

T

STOP instruction execution

Standby release signal

(interrupt request) N

VbopR

2.9 Flash Memory Programming Characteristics

(TA=-40 to +85°C, 1.8 V< EVbp=VbD < 5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency fork 1.8V<VbDb<55V 1 24 MHz
Number of code flash rewrites Cerwr Retained for 20 years 1,000 Times
Note 1,2, 3 TA - 85°C
Number of data flash rewrites Retained for 1 year 1,000,000
Note 1,2, 3 TA - 2500
Retained for 5 years 100,000
Ta=85°C
Retained for 20 years 10,000
Ta=85°C
Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite.

The retaining years are until next rewrite after the rewrite.

When using flash memory programmer and Renesas Electronics self programming library

Remark When updating data multiple times, use the flash memory as one for updating data.

2.10 Dedicated Flash Memory Programmer Communication (UART)

(Ta=-40 to +85°C, 1.8 V<EVbop =Vbp < 5.5V, Vss =EVss = 0 V)

This characteristic indicates the flash memory characteristic and based on Renesas Electronics reliability test.

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During flash memory programming 115,200 1,000,000 bps
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

There are following differences between the products "G: Industrial applications (Ta = -40 to +105°C)" and the products “A:
Consumer applications, and G: Industrial applications (Ta = -40 to +85°C)".

Parameter Application

A: Consumer applications, G: Industrial applications
G: Industrial applications
(with Ta = -40 to +85°C)

Operating ambient temperature Ta =-40 to +85°C Ta=-40to +105°C

Operating mode HS (high-speed main) mode: HS (high-speed main) mode only:

Operating voltage range 2.7V <Vop £5.5V@1 MHz to 32 MHz 2.7V <Vop £5.5V@1 MHz to 32 MHz
2.4V <Vop<55V@1 MHz to 16 MHz 2.4V <Vop<55V@1 MHz to 16 MHz

LS (low-speed main) mode:

1.8V <Vop<55V@1 MHz to 8 MHz
LV (low-voltage main) mode:

1.6 V<Vop<5.5V@1 MHz to 4 MHz

High-speed on-chip oscillator clock 1.8V<Vop<55V: 24V <Vop<55V:

accuracy +1.0%@ Ta = -20 to +85°C +2.0%@ Ta = +85 to +105°C
+1.5%@ Ta = -40 to -20°C +1.0%@ Ta = -20 to +85°C
16V<Vopb<18V: +1.5%@ Ta =-40 to -20°C

+5.0%@ Ta =-20 to +85°C
15.5%@ Ta = -40 to -20°C

Serial array unit UART UART

CSI00: fewk/2 (supporting 16 Mbps), fek/4 CSI00: fek/4

CSI01 CSI01

Simplified I°C communication Simplified I°C communication
IICA Normal mode Normal mode

Fast mode Fast mode

Fast mode plus

Voltage detector Rise detection voltage: 1.67 V to 4.06 V Rise detection voltage: 2.61 V to 4.06 V
(14 levels) (8 levels)
Fall detection voltage: 1.63 V to 3.98 V Fall detection voltage: 2.55 V to 3.98 V
(14 levels) (8 levels)

Remark The electrical characteristics of the products G: Industrial applications (Ta = -40 to +105°C) are different from
those of the products “A: Consumer applications, and G: Industrial applications (only with Ta = -40 to +85°C)".
For details, refer to 3.1 to 3.10.
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3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

3.3 DC Characteristics

3.3.1 Pin characteristics

(TA=-40to +105°C, 2.4 V<EVbb=VDD< 5.5V, Vss =EVss =0 V) (1/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, lomt Per pin for P10 to P17, P30 to P32, P40 to P43, P50 to P54, -3.0M2 mA
highN°t® " P70 to P74, P120, P125 to P127, P130, P140 to P147
Total of P10 to P14, P40 to P43, P120, 40V<EVop<55V -30.0 mA
P130, P140 to P147 27V<EVon<4.0V -80 | mA
(When duty = 70% "***3)
24V<EVop <27V -4.0 mA
Total of P15 to P17, P30 to P32, 40V<EVp <55V -30.0 mA
P50 to P54, P70 to P74, P125 to P127 27V<EVop<4.0V _15.0 mA
(When duty = 70% "°*?)
24V <EVop <27V -8.0 mA
Total of all pins -60.0 mA
(When duty = 70%"°*?)
loH2 P20, P21 Per pin -0.1 mA
Total of all pins 24V <Vop<55V -0.2 mA
Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the Vop and

EVop pins to an output pin.
Do not exceed the total current value.
Specification under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).

e Total output current of pins = (lon x 0.7)/(n x 0.01)

<Example> Where n = 80% and lox = —-30.0 mA

Total output current of pins = (-=30.0 x 0.7)/(80 x 0.01) = -26.25 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

Caution P10, P12, P15, and P17 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port

pins.

R0O1DS0157EJ0210 Rev.2.10 RENESAS Page 82 of 131

Sep 30, 2016



RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

(TA=-40to +105°C,2.4 V<EVbp =VbD< 5.5V, Vss =EVss =0 V) (3/3)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit

Low-speed on- | lr M’ 0.20 LA

chip oscillator

operating

current

RTC operating | Irtc fuan is stopped 0.08 LA

current Notes 1,2,3

12-bit interval Iir 0.08 LA

timer current Notes 1,2,4

Watchdog timer | lwot fii =15 kHz 0.24 LA

operating Notes 1,2,5

current

A/D converter lanc When conversion Normal mode, AVrerp = Voo = 5.0 V 1.3 1.7 mA

operating Notes1.6 | at maximum speed || o\, \oltage mode, AVrerr = Voo = 3.0 V 05 07 | mA

current

A/D converter |ADREF 75.0 UA

reference Note 1

voltage current

Temperature ITmPs 75.0 LA
sensor Note 1
operating
current
LVD operating ILvo 0.08 LA
current Notes 1,7
Self- IFsp 2.50 12.20 mA
programming Notes 1,9
operating
current
BGO operating | lsco 250 | 12.20 mA
current Notes 1, 8
LCD operating ILcor External resistance division method | Voo =EVop=5.0V 0.04 0.20 LA
Current Notes 11, 12
V=50V
ILcp2 Internal voltage boosting method Voo =EVop=5.0V 112 3.70 LA
Note 11 Ve =5.1V (VLCD = 12H)
Voo = EVop=3.0V 0.63 2.20 HA
Via=3.0V (VLCD = 04H)
Ieos M " | Capacitor split method Voo =EVop =3.0V 0.12 | 0.50 LA
Vie=3.0V
SNOOZE IsnozM** ' | ADC operation | The mode is performed “°t ' 0.50 1.10 mA
operating The A/D conversion operations are 120 | 2.04 mA
current performed, Low voltage mode, AVRrerp = Vb
=3.0V
CSI/UART operation 0.70 1.54 mA

(Notes and Remarks are listed on the next page.)
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

3.4 AC Characteristics

3.4.1 Basic operation

(TA=-40 to +105°C, 2.4 V<EVbb =VbD < 5.5V, Vss = EVss =0 V)

ltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey Main HS (high-speed | 2.7V <Vop <55V | 0.04167 1 us
instruction execution time) system main) mode 24V<Von<27V| 0.0625 1 s
clock (fmain)
operation
Subsystem clock (fsus) 24V<Voo<55V| 28.5 30.5 31.3 us
operation
In the self HS (high-speed | 2.7V <V <55V | 0.04167 1 Us
programming| main)mode {24V <Veo<27V/| 0.0625 1 us
mode
External system clock frequency | fex 27V<Vop<55V 1.0 20.0 MHz
24V <Vop<27V 1.0 16.0 MHz
fexs 32 35 kHz
External system clock input high- | texn, texc | 2.7 V<Vopb <55V 24 ns
level width, low-level width 24V <Vop<27V 30 ns
texws, 13.7 us
texis
TIOO to TIO7 input high-level width, | tr, 1/fmek+10 ns
low-level width tri
TOO00 to TOO07 output frequency | fro HS (high-speed 40V<EVop<55V 16 MHz
main) mode 27V<EVon<4.0V 8 MHz
24V<EVop <27V 4 MHz
PCLBUZO0, PCLBUZ1 output frcL HS (high-speed 40V<EVop<55V 16 MHz
frequency main) mode 27V <EVoo<4.0V 8 MHz
24V <EVop <27V 4 MHz
Interrupt input high-level width, tINTH, INTPO 24V<Vop<55V 1 us
low-level width T INTP1t0 INTP7 |24V <EVop<55V 1 s
Key interrupt input low-level width | tkr KRO to KR3 24V <EVop<55V 250 ns
RESET low-level width trsL 10 us

Remark fuck: Timer array unit operation clock frequency
(Operation clock to be set by the CKSOn bit of timer mode register On (TMRON).
n: Channel number (n =0 to 7))
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

CSI mode serial transfer timing (during communication at same potential)
(When DAPmn = 0 and CKPmn =0, or DAPmn =1 and CKPmn =1.)

tkeyt,2

k.2 tkHt 2

/
SCKp \

\ .
tsii,2 tksit, 2
Slp Input data
tksot,2

SOp Output data ><

CSI mode serial transfer timing (during communication at same potential)
(When DAPmn = 0 and CKPmn =1, or DAPmn =1 and CKPmn = 0.)

tkev1, 2
trt, 2 tkLt, 2
SCKp / \
tsik1, 2 tksit,2 |
Slp Input data
tkso1, 2

SOp Output data ><

Remarks 1. p: CSl number (p = 00, 01)
2.  m: Unit number, n: Channel number (mn = 00, 01)
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

5. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid maximum
transfer rate.

Expression for calculating the transfer rate when 1.8 V<EVbop <3.3Vand 1.6 V<Vb<2.0V

Maximum transfer rate = 1 [bps]

{~Cox Rox In (1—%)}&5

1 1.5
, Transfer rate x 2~ ¢ Co * RexIn (1-—;, =)}
Baud rate error (theoretical value) = y x 100 [%]

(m) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.
6. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 5 above to calculate the maximum transfer rate under conditions of the customer.

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vop tolerance (32- to 52-pin
products)/EVop tolerance (64-pin products)) mode for the TxDq pin by using port input mode register g

(PIMg) and port output mode register g (POMg). For Vin and Vi, see the DC characteristics with TTL
input buffer selected.

UART mode connection diagram (during communication at different potential)

Vb
g2
TxDq Rx
RL78 microcontroller User's device
RxDq Tx
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

<R> 3.8 RAM Data Retention Characteristics

(Ta=-40to +105°C, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VbpbR 1.44N® 55 \%

<R> Note This depends on the POR detection voltage. For a falling voltage, data in RAM are retained until the voltage
reaches the level that triggers a POR reset but not once it reaches the level at which a POR reset is generated.

I STOP mode Operation mode

<R> ‘ RAM Data retention mode —»‘

))

Voo T \ \/boDR

STOP instruction execution

/
Standby release signal
(interrupt request) N
0
3.9 Flash Memory Programming Characteristics
(TAa=-40 to +105°C, 2.4 V<EVop =Vbp < 5.5V, Vss = EVss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency ferk 1.8V<Vbp<55V 1 24 MHz
<R> | Number of code flash rewrites Cerwr Retained for 20 years 1,000 Times
Notes 1, 2,3 TA - BSOCNote 4
<R> | Number of data flash rewrites Retained for 1 year 1,000,000
Notes 1, 2,3 TA - zsoCNote 4
<R> Retained for 5 years 100,000
Ta = 85°CN°*
<R> Retained for 20 years 10,000
Ta = 85°C"e*

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite.
The retaining years are until next rewrite after the rewrite.
2. When using flash memory programmer and Renesas Electronics self programming library

[ d

This characteristic indicates the flash memory characteristic and based on Renesas Electronics reliability test.
<R> 4. This temperature is the average value at which data are retained.

3.10 Dedicated Flash Memory Programmer Communication (UART)

(Ta=-40 to +105°C, 2.4 V<EVpp = VDD < 5.5V, Vss = EVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During flash memory programming 115,200 1,000,000 bps
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RL78/L12 4. PACKAGE DRAWINGS

R5F10RLAAFB, R5F10RLCAFB
R5F10RLAGFB, R5F10RLCGFB

JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-LFQFP64-10x10-0.50 PLQPO064KF-A P64GB-50-UEU-2 0.35
HD
D
IR STHRIATNNRD
48 33
—49 32—
— I Cc —
—] — \1
— — L» ——
— —1
—] — | L
— —
— — L
— + —— E HE P
— — fe— L1 —=
—] —
— —
— —
(UNIT:mm)
— —
1 =64 Q 176= ITEM DIMENSIONS
D 10.00+0.20
E 10.00+0.20
HD 12.00+0.20
L 7E HE 12.00+0.20
A 1.60 MAX.
- Al 0.10+0.05

A2 1.40+0.05

0.25
A b 0.22+0.05
- +0.055
A2 c 0.145+3-022
L 0.50

Lp 0.60+0.15

Sawliliiniihsa. L1 100:020

i 30+5°

3
[y Ts]

[e] 0.50
X 0.08
y 0.08
ZD
ZE

1.25
1.25

NOTE
Each lead centerline is located within 0.08 mm of
its true position at maximum material condition.

© 2012 Renesas Electronics Corporation. All rights reserved.
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